We report on the attainment of a spin-polarized Fermi sea of 87 Sr in thermal contact with a Bose-Einstein condensate (BEC) of 84 Sr. Interisotope collisions thermalize the fermions with the bosons during evaporative cooling. A degeneracy of T /TF = 0.30 (5) Yb, have a much richer internal state structure, which is at the heart of recent proposals for quantum computation and simulation [3] [4] [5] [6] [7] [8] [9] . Unlike bosonic isotopes of these elements, the fermions have a nuclear spin, which decouples from the electronic state in the 1 S 0 ground state. This gives rise to a SU (N ) spin symmetry, where N is the number of nuclear spin states, which is 10 for 87 Sr. This symmetry can lead to new quantum phases in optical lattices [3] [4] [5] [6] , like the chiral spin liquid. Non-Abelian gauge potentials can be realized by engineering state dependent lattices [7] . In addition, the nuclear spin can be used to robustly store quantum information, which can be manipulated using the electronic structure [8, 9] . Double-degenerate Bose-Fermi mixtures extend the possibilities even further, allowing to study phase-separation and the effects of mediated interactions.
Sr used for optical pumping and detection of spin polarization. The optical pumping beam (dashed arrow) is scanned in frequency to address all mF states. Internal state detection is performed by levitating only the mF = 9/2-state atoms against gravity using a σ + -polarized laser beam on a cycling transition (solid arrow). b) Levitated mF = 9/2-state atoms and atoms in all other mF states, 15 ms after switching off the dipole trap.
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2 1 S 0 − 5s5p 1 P 1 transition at a wavelength of 461 nm. The 461-nm laser system is initially tuned to the 84 Sr line and metastable-state bosons are accumulated in the magnetic trap. After 5 s, the laser frequency is shifted by 210 MHz to the 87 Sr line and metastable-state fermions are added to the magnetic trap for another 6 s [23] .
Further cooling and density increase of the mixture is achieved by operating "red MOTs" for each isotope simultaneously on the 7.4 kHz linewidth 1 S 0 − 3 P 1 intercombination lines at 689 nm. Since 87 Sr has a nuclear spin, its 3 P 1 state is split into three hyperfine states with F ′ = 11/2, 9/2, and 7/2. The 87 Sr MOT uses the transitions to the F ′ = 9/2 and F ′ = 11/2 states simultaneously [24] . To increase the capture velocity of the red MOTs, we frequency modulate the light, producing sidebands, which cover a detuning range from a few ten kHz to a few MHz to the red of the transition. To load the red MOTs, the metastable-state atoms in the magnetic trap are optically pumped to the 1 S 0 ground state using the 5s5p 3 P 2 − 5s5d 3 D 2 transition at 497 nm. The nuclear spin of 87 Sr leads to a splitting of the 3 P 2 and 3 D 2 states into five hyperfine states each. We use two of the 13 transitions between these states for repumping [22] . After loading, the MOT is compressed by reducing the MOT beam intensity and ramping off the frequency modulation, resulting in a colder and denser sample. After compression, the 84 Sr and 87 Sr MOTs are spatially separated as a consequence of different red MOT dynamics [22, 24, 25] . The MOTs each contain ∼ 10 7 atoms at a temperature of ∼ 2 µK.
For evaporative cooling, the atoms are transferred into a crossed-beam optical dipole trap (ODT) based on a broadband ytterbium fiber laser operating at 1075 nm. The trapping geometry consists of a horizontal and a nearly vertical beam with waists of 80 µm. During the red MOT compression phase, the horizontal and vertical beams are ramped to a power of 4.2 W and 1.6 W, respectively, corresponding to an average trap oscillation frequency of 170 Hz and a trap depth of 13 µK.
Loading of the dipole trap is achieved in two sequential stages to overcome the spatial separation of the MOTs, first 87 Sr then 84 Sr. For each stage, the center of the respective MOT is overlapped with the cross of the ODT by shifting the center of the quadrupole field. For optimum loading, we adjust the intensities and detuning of the MOT beams before switching off the MOT beams. After loading both isotopes, the ODT power is suddenly increased to 6 W in the horizontal and 2 W in the vertical beam, resulting in a trap depth of 22 µK and an average trap frequency of 200 Hz.
In order to obtain a spin-polarized sample of 87 Sr, we perform optical pumping on the 1 S 0 (F = 9/2) − 3 P 1 (F ′ = 9/2) transition with a σ + -polarized laser beam [26] parallel to a homogeneous guiding field of 3 G; see Fig. 1 (a) . The m F = 9/2 state is a dark state of this transition. The frequency of the optical pumping light is scanned over the transitions of the different m F states, which are spread over 2 MHz. After 30 ms of optical pumping, the temperature of the mixture has increased to 3.4 µK.
To perform state detection, we selectively levitate only the m F = 9/2-state atoms to separate them from atoms in all other states after switching off the ODT. An upward propagating σ + -polarized laser beam near the
) cycling transition is used to levitate the atoms. The intensity and detuning of this beam are adjusted to optimize the levitation. At the magnetic field of 3 G, the splitting between adjacent m F ′ states is ∼ 1.1 MHz, which is about 10 times the power-broadened linewidth. Atoms in the m F = 9/2 states are therefore not levitated. Figure 1 (b) shows the atoms in the m F = 9/2 state separated from the other atoms after time of flight, with and without optical pumping. From these images we conclude that more than 95% of the atoms are in the same spin state.
After 500 ms plain evaporation, the mixture thermalizes at 1.7 µK with 2.2 × 10 6 84 Sr atoms at a phase-space density of 0.3 and 7 × 10 5 87 Sr atoms at T /T F = 1.2, already close to quantum degeneracy. At this point, the elastic collision rate of bosons with fermions is ∼ 170 s of the factor of two resulting from Bose enhancement. These conditions are well suited for evaporative cooling to quantum degeneracy. To force evaporation, we reduce the power of both dipole trap beams with 1/e time constants of 5.7 s for the horizontal and 9.0 s for the vertical beam, starting directly after optical pumping. To characterize the performance of evaporative cooling and ultimately detect quantum degeneracy, we stop forced evaporation after a varying time between 0 and 8 s, wait 500 ms to ensure thermalization of the sample, and take absorption images after a time of flight t TOF of 10 ms [29] . This expansion time is sufficiently large for the observed density distribution to correspond to the in-situ momentum distribution, even for the lowest trap frequencies of 85 Hz examined. We determine the atom number and temperature using Bose-Einstein or Fermi-Dirac distribution fits. The results show that both bosons and fermions are evaporated and are well thermalized with each other (Fig. 2) . To demonstrate the importance of interisotope collisions for the cooling of spin-polarized 87 Sr, we perform the same evaporative cooling sequence in absence of 84 Sr. The fermions are lost faster than in presence of bosons and do not reach as low temperatures. In addition, the momentum distributions are in this case inconsistent with Fermi-Dirac distributions, which is expected since the sample cannot thermalize. During the evaporation of both isotopes, the BEC phase transition is detected after 6 s by the appearance of a bimodal distribution [21, 30] . At that moment 5 × 10 5 bosons remain at a temperature of 300 nK. Fermionic degeneracy manifests itself in subtle changes of the momentum distribution. Pauli blocking limits the occupation of low momentum states to one fermion per state, leading to a flatter and wider momen- tum distribution than expected classically. This change in shape is evident in the azimuthally averaged time-offlight density distributions shown in Fig. 3 . The inset shows a thermal cloud at the beginning of evaporation and the main figure a colder sample after 7.6 s of evaporation. The momentum distribution after evaporation is very well described by a Fermi-Dirac distribution, but not by Gaussian fits.
To quantify the degeneracy, we determine the ratio of the temperature T and the Fermi temperature T F from fits to absorption images. For a harmonic potential and a time of flight larger than the trap oscillation periods, the spatially once integrated Fermi-Dirac density distribution can be closely approximated by [31] 
where Li n is the n th -order polylogarithm, ρ the radial displacement from the center of the atom cloud, σ the width of the cloud, and ζ the fugacity. A, ζ and σ are fit parameters. We use two independent methods to determine T /T F . The first one rests upon the size of the cloud σ, which is related to the temperature by T = mσ 2 /k B t 2 TOF . T F is calculated from the atom number N and the average trap frequency f using
The second method is based on the examination of the shape of the distribution, characterized by the fugacity ζ. T /T F is directly related to the fugacity through the relation Sr atom number during evaporative cooling. T /TF is determined from Fermi fits to absorption images. Two independent fit parameters are used to calculate T /TF , the width of the fitted function (filled circles) and the fugacity (triangles). The statistical error visible in the scatter of the data is larger than systematic uncertainties.
The second method is only applied for fugacities greater than 2, corresponding to T /T F ≤ 0.46. Using numerical simulations, we verified that mean field effects between the BEC and the degenerate Fermi gas, as well as the increased anharmonicities of the trapping potential in the vertical direction due to gravitational sagging, do not influence the determination of T /T F under our conditions. Figure 4 shows T /T F in dependence of the 87 Sr atom number using the same data set as for [32] and the superfluidity of the BEC [33, 34] . This reduction, together with heating and loss, limits the obtainable fermionic degeneracy.
For the deepest evaporation examined, the potential depth corresponds only to two times the Fermi energy. The shallow potential can lead to increased evaporation of fermions in the m F = 9/2 state compared to bosons and fermions in other spin states. This preferential evaporation can reduce the polarization of the fermionic sample. We verified that more than 90% of the fermions occupy the m F = 9/2 state even at the end of evaporation.
Our degenerate Fermi sea is accompanied by a BEC containing 10 5 atoms. Figure 5 shows time-of-flight absorption images of a BEC and a Fermi gas with T /T F = 0.45, taken 15 ms after release from a cigar-shaped trap with trap frequency ratio of 1.5. The BEC expansion is mean-field driven and leads to an inverted aspect ratio. By contrast, the 87 Sr image shows the isotropic momentum distribution of the fermions.
In conclusion, we have created a double-degenerate Bose-Fermi mixture with the fermions prepared in a sin- gle spin state. In the future, we plan to implement optical pumping and state detection methods for the controlled preparation of fermions in multiple internal states. Loading the mixture into an optical lattice and further cooling of the sample are the next steps towards the exploration of the SU (10) symmetric Hubbard model, and quantum computation and simulation with strontium.
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